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OIDEAS ON A MODIFICATION OF THE SYNCHRONOUS AMPLIFIER TO . IMPROVE
SENSITIVITY

‘1. The Conventional Synchronous Amplifier [1]

As is well known, the direct way to detect a sine-shaped '~ _
signal of definite frequency and phase in band-limited white noiseI;jt.F»ﬁ
is by decreasing the bandwidth, because the mean amplitude of |
the noise voltage is proportional to the square root of the SRR .
bandwidth. The term 'white noise' means a constant average poWef‘ifﬂ"f""
density over the frequency range f1 to fz being considered. -

The term 'band-limited" is taken to mean that power density is ! -
zero outside the region f; to~f2.‘ That is, an ideal band'pass(::v*‘““*l
filter with a rectangular pass curve is assumed. Further, let
it be assumed that there is so-called narrow-band noise present.
That is, let the bandwidth B = f2 -'fl ‘be small in comparison

to the mean frequency fg = (£, + £ )/2 If this condition is o
‘met, then the resultlng noise voltage can be observed as a harmonlcibggﬁ¢
wave V(t) = R(t) COS [2“’.5. ‘L O(t)] . R(t) and (’r)(t) are - .. )

quantities which fluctuate statlstlcally. R(t) follows a so- s
called Rayleigh distribution, while é(t) is distributed with ,.;_.
constant probability across the complete angular range from' 0 .
to 2a . If the 31gnal llkew1se has the frequency £y and the

“amplitude Cgs it is necessary to detect! CSSInaTl t in the- iftﬁlﬁﬁr

total voltage

V(L) = V() + ¢ sin2nl t = l-‘.(t)oosﬁ.[%:fot-q;(t)}? + ¢ sin2uf t . i ‘
. . . ) B .. . N . (%3 . . . :

'The ratio of the 31gnal amplitude to the noise amplltude thus
becomes more favorable,the narrower the spectral range flltered o
out around the signal frequency, .because, as mentioned above, e

‘ the amplitude of the noise voltage is proportlonal to the squaretffijllﬂ:”
root of the bandw1dth But there are.limits to the narrowing ,I'

" of the bandwidth because production of very narrow band fllters-g"
(fractions of 1 Hz),ralses dlfflCultleS. The principle of the



"" its individual frequency components,' as “indicated in Flgure 1.;._“._

synchronous amplifier is of assistance here. In this operatlon,fﬂﬁjiﬁveﬂf
the voltage vi(t) is multlplled with a reference voltage 2$1n2nf t e
This yields O

.

ZR(t)cos[anot‘-cp( t)] s‘in'anot + ZCssinZanot”

R(t)sing(t) + ¢ + terms of frequency. 2f_

2Vt (t)sin2nf t

Thus the alternating signal voltage is transformed into a direct | L
. voltage and, in place of the narrow-band filter, a small 1ow-pa53314¢;15i3q
filter (i. e., a large measuring time constant) is suitable'forff{fo@ffqP"
- averaging out the disturbing noise voltage. If the terms of | '.‘q
".frequency 2fo are filtered out, the noise voltage is given es,.f:f
" R(t)sinop(t) . Measurement with a time constant of 7 seconds .
corresponds (approximately) to removal of a section of the :
épectrum of R(t)sino(t) with a 1ow-pass filter of bandwidth .
/T, Hz. ‘The:specfrum;of R(% )Sln¢(t) is easily given if f-f -
“the resulting noise voltage R(t)COSEZFf t-p(t)l is analyzed 1nto

7

The frequency range fl to f2 is subdivided into small
intervals 4Af . The frequency of one such subregion dlffers from
the mean frequency f by a certain multiple of Af. The
contribution of each of these ar intervals can be stated as a
cosine wave of definite amplitude and phasé.» Therefore, if"

B=f, - f; isisubdivided into 2n + 1 - intervals of width‘Af,r;fff?f;3f
) e T e
R(t)cos[Zni’ot-cp('t)J = Ecicos[2n(.fo--iéf_)t-cpi] (3) L

i=-n ,

If equation (3) is multiplied by 2sin2af t , it is easily

seen that there appears a spectrum of constant power den31ty,' O
beginning at frequency 0 and extending to the frequency _ 3ul'ffjj}!;ﬁﬁy
B/2 = 'f2 - fo = fO fl,j along with a spectrum of width B T
with 2fO as the middle frequency That spectrum is ‘mot- of ‘

interest here. Then we have !



32V'(t)sin2nf°ti£ R(t)sinp(t) + cs + terms “of frequency 2f ’

| =2 e sinf2midftig,] + of +| ‘terms “of frequency 2f -
: i=en + . . e T
| (4 *

_3;0 0151r'[2n1..\ft+m ] - §1c ls:tn[Z‘t.tn.Afi_:-“Acp_i_J. +

+ ¢ +_terms of -frequency 2f -

According to the formulas.

+ sin(a+B) = sino coch + cosx sinBd and

‘a sina + b cosa = ba?+b2 51n(a+urc tGP).

The two terms of the same frequency in equation (4) can be _
combined. Thus we derive the square-wave spectrum of R(t)sing(t). A
if we consider that the root-mean-square Values of all ¢i'fafe':,:f fﬂ;ﬁ ,
equal.
v .
In the conventional synchronous amplifier, therefore,

the signal appearing as an alternating voltage is converted'into,”f

a direct voltage by multiplicatidn-With a reference voltage. o
Then a low-pass, rather than a band-pass; filter is needed to limit;:i

the noise bandwidth. The bandwidth of a low-pass filter is giVenf ”f5ﬂH'55}*
by the reciprocal time constant, so that very narrow bandwidths.:fn   
can be obtained quite easily. The-principle has been applied in fw-”"“*°““
- commercial devices} For example, - they allow detection at - 1 kHz |
bandwidth of a 51gna1 Whlch is 40 dB below the noise level.

1
% .




2, Modificatioﬁ of the Synchronoué:Amplifier

In the procedure for synchronous amplification which was

briefly described in the preceding section, we worked w1th a
signal of known frequency and constant phase, so that a reference
voltage of identical frequency and phase could be produced  “
which by multiplication converts the signal voltage into a dlrect
~voltage. The frequency and phase of the signal voltage are "’A'
'determined for example, by a chopper'disk The functlon of :
the chopper disk is to modulate the radiation which falls
steadily upon it so as to obtain an alternating voltage, withpfrri__
no direct component, as the signal voltage. Now, one may | S
ask why the signal voltage is first converted into an

alternating voltage so that it can be reconverted to direct
voltage in a synchronous amplifier. There are primarily two
reasons: first, the amplification of small alternating voltages
is 31gn1f1cantly less expensive than amplification of direct ’

voltages; second, the detectors usually employed are semi-

conductors which have Very high inherent noise at low .

frequencies, 1i. e., near a direct voltage, decreasing generally

as 1/f. For instance, at 1 kHz, common chopper frequency, “

the inherent noise is very‘significantly less that at zero frequencyfff:‘

Because of the time constants of detectors, the chopper--ﬁv -
frequency cannot be made as high as might be desired. But in R
every case, the signal frequency of infrared radiometers is
determined by the chopper. That is, it is produced in the
receiver, and is particularly variable and controllable.

This is possible, of course, only with some certaih inertia

when mechanical choppers (rotating wheels with teeth or apertures;f?"ari[:'
vibrating springs or reeds) are used. Electronic choppers for i:i*'ﬁ-_
infrared radiation can be controlled significantly more rapidly - ... . . @ -
[3]. Another chopper technique is used in other possible | _ )
_ appllcatlons of the process described below; e. g., in mlcrowave ';fgf;Jf
' radiometry. ‘We will not concern ourselves with details here. '
- Rather, we will/ presume for the procedure de51gnated here as e
© "modified synchronous amplification" that the signal phase can" f' |



-~ signal plus noise always appears at the detector, the Voltage

be controlled with definite small'time constants, and thatethe_f" o
information is contalned in the 31gnal amplltude, SO that it is-. H;¢ g;¢
not affected by the phase control : S - S

. We consider the two voltages:

V+$t) V(#? + e;sin[2nfot-9$(t)]

As in the previous section, Equation (5) gives the narrow-band_' ,iAﬁ1w?g
noise voltage. The voltage V *(t) differs from V(t) in that thejifei?ff:

signal voltage ¢ sinl2nf t-¢_(£)] is added to it. Let the R
phase ws(t) of the signal, remain undecided at flrst. Becauseu”mﬁa

V(t) cannot be measured directly.  For a small signal-to- -noise . i. . .0
ratio, as is assumed here, the dlfference V+(t) - V(t) is S

" therefore a small value, so that V is an approx1mat10n for R
V(t). Now let s be controlled so that, as exactly as»p0351ble515:7"7“"

¢(t) ~ o (t) = Q'(t) B | ' .ln(7).:fi;;€Wf:.\

The control 1oop is descrlbed in more detail in the next sectlon.gé_i,'jfe”
The voltage measured at the ampllfler output is then: '

v (t) R(t)cos[an t-@(t)] +c 31n[21f t-¢ (t)] f‘;(8)‘_u; ~-.'”

Since f, is known, -a reference voltage'25ih[2&fot;¢wcé)1f.‘255¢{;35 S
can be produced. S T

We multiplyethis.with equatibn (8) and obtain:

2v* (t)51n[2nf t-w ()] = n<t>,1nc¢(t>-¢ (0] +

+ terms, of frequency 2f " (9) i
The terms of the: frequency 2f0 are again flltered out. Alsdvfifﬂﬂ?fi5ﬁ’
Q(t) -Q (t) is a relatively Small angle,' o that the Slner".

can be replaced by the angle.



We have left

R()Co(6)-p" ()] + o

" as the measured voltage.

The residual noise with the signal voltage c_ is therefore

determined by the function e(t)-0*(t) , the difference between ,.'

the actual noise phase and the controlled phase angle of the

- reference voltage. If the controL is very accurate, then -¢
and thus the noise voltage is very small. For the rest, of
~course, ' the noise component R(t)[p-p*] of equation (10) is

not fully effective as a disturbing voltage. 'Rather, - it is only -
' the frequency components directly adjacent to zero frequency from

the spectrum of R(t)[y-¢'] which are filtered out by the 1nd1cator. {fff?i 

Without more exact analysis of the. measuring and controlling

technology to be used, it is difficult to say more about w(t)—¢ ( )i“ 5 f

Still, it is not unreasonable to assume that the value of @-w

will not exceed a few degrees ( about 0.1 radian). As we know, w(t)j?ﬁﬂﬁi

varies statistically and irregularly with a time constant ~1/b
( B = bandwidth). Thus it is quite obvious to assume that
the function ‘Q-Q' also fluctuates statistically with the |

- time constant,‘ or correlation tlme, 1/B.

+For the conventional synchronous amplifier. we had 1nstead
of Equation (10)I ' ' ' '

R(t)sino(t) + e

. We derived in the previous section the spectrum of the n01sei _
- voltage R(t)sing appearing here. With regard to the Equatlon
~ (10) which is of prlmary interest to us, we now estlmate the
.~ spectrum with reference to the correlatlon function. This is
~equally applicable to Equatlons (2) and (10), ~and allows a
'comparlson. . . o { e
" R(t) - and ¢(t) vary with the Itime'constant (= correlation time)
1/B. Thus the autocorrelation function :¢(s) will have the jaluej
t S _ : o




zero for displacement values, s, 'greater than 1/B. A Fourier B "{Eyﬁgh
transformation of the autocorrelation function ¢(s) yields the T
power spectrum; ‘ i. e., the square of the amplltude. The values
: for 's = 0 are: '

@ - [ROmne0]? fox conentional syeheonous

i _ 2 - for modified synchronous . rm*_“;mt_;cﬂ

¢, (0) = {R“?C‘Pf‘f"]} © amplification o | TR
In both cases, the value of ¢(O) for s = 0 drops to zetro B

" within the short time 1/B. The exact curve of the drop-off

is not very important for the components of the low-frequency
spectrum near zero frequency [4]. Thus the autocorrelation
function is a quasi-representatioh of a brief pulse, as sketched ‘
in Figure 2. The spectrum is the Fourier transformation of .this . -
pulse, and the amplitudes of the Fourier transformation of a pulseiifﬁi”
are proportional to the area of the pulse. That is, here they R
are proportional to ¢,(0)/3B or (O)/B . The course of the’

curve can be, and is, different for conventional and synchronous
amplification. The ratio of the "pulse areas" of the auto- '
correlation function is therefore not simply equal to the ratio

[Q (O)/BJ Co (0)/B] = (O) P (O) but this value is

a certaln approx1mat10n The 1mprovement factor, 1i. e.;'the .

ratio of the perturbing noise amplitude for conventional and mod- :

ified synchronous amplification, is approximately given, then, .
by ' ' '

X% Improvement Factor '(12)_: L

This expression can still be simplified. From Equation-(lZ);tﬁ
$(0) is the mean value of the product of two statistically _
independent functions. Accordlng to [5] this is equal to the o
product of the means of the factors. Therefore. _

{ RCt) sing(e) | 2_:="_ [n(t)] I‘.Asin Zo(t) [n(t)]z 1

.

7(13)‘"*”"

[R($)1% [op'1% o

{ R(t)[ga-(;;"]' 1 2



. voltage can be adjusted parallel‘to this reference. We will

and

Q (0) //%2[¢~¢'] ® Improvement Factor (14)f?
l( o (,5 i
For w-@' ‘we had. assumed a value smaller than 0. 1 so that S

Tgaccordlng to Equation (14), we would obtain an 1mprovement

factor greater than 10: :\ﬁ?"= 7. To repeat once more: :
‘this is a very crudely estimated value, without any analysis
~ of measuring and control technology The more accurate the. . _
v'h'measurlng and control process, the greater the 1mprovement 1n jfgfffi

s B

accuracy. ﬂ
~v3. The Control.

R In the precedlng it was shown' that an improvement of the

l'_31gnal -to-noise ratlo is possible 1f a reference voltage can,_;ﬂl?_vm
 be. adjusted as exactly as possible orthogonal to the noise

- voltage, i. e., displaced 90° in phase, and if the 31gnalz7

not consider the 'control process as such more extensively.

~ Even if the resultlng voltage at low signal-to-noise ratlo;*”l5”
vis e gsin(ant ot-0s )+V (6) differs by only a small amount
from the noise voltage V;4the control cannot be based .
simply on the resulting voltage, or the signal voltage'Will be ,
controlled out along with the noise voltage A reference voltage "
V of which is orthogonal to the resultant V' (i. e., dlsplaced |
1n phase by 90°) would always yield zero on multiplication .
(components of the frequency 2f0 are neglected here and in thel“
following).

- The diagram of Figure 3 may clarify the conditions more.

If it is possible to control the reference voltage Vet

~ orthogonal to the noise voltage V, as shown in Figure 3a, then :f

‘the noise can belsuppressed by multiplication, down to a re51duall?
‘n01se determ;ned by the accuracy of control. If the 31gnal Cg _'”
| the 31gnal voltage is malntalned vf7"“

is largely paralﬁelfto Veefr

,8'_1',



through the multiplication. These are the operating conditiohe?!:f
to be sought. If, on the other hand, as shown in Figure 3b, B
' ref is orthogonal to the resultant v', then with absolutely
exact control the value of zero 1is obtalned independent of - = |
‘the magnitude of the.31gnal voltage_ Cge The stochaéticallyhf"
assumed control errors also cause a noise spectrum here. Its
aﬁplitude becomes smaller, the less the divergence. ‘But.the
full amount of the signal is not obtained. Rather, it is- |
controlled out more toward zero. o

Therefore a ‘criterion must be found for the control, ’which‘"zth 5
is based on the phase angle of the noise voltage V and not on
the phase angle of the resultant A There is a certain = _
" similarity or relationship with the "phase-locked loop" technlque F}Q;Qiff:f
‘developed in the USA and often applied in recent years [6]. BRI
Therefore the phase control loop of the modified synchronous »
amplifier will be considered in imitation of the theory applied
~.in that case. The goal is an estimate of the particularly '_‘
interesting function ¢(t) - ¢'(t) '~ | which we shall designate -
" here as F(t). Thus we shall investigate whether it is possible'"””
to control the reference voltage orthogonal to the narrow band
. noise voltage if we do not have available as a control’eriterionv

- the phase of the noise voltage, somehow measured, but the
output voltage following the multiplier. In additionm, welleavei"l
untouched a narrow frequency regioﬁ around zero frequency, becauseghkyfﬁ*5=
this is to be reserved for the signal indication. \ ' o

' As prev1ous1y,‘ we de31gnate the noise voltage as
v(t) = R(¢) °°S[¢‘f t-v(’c‘J 54 . and the reference voltage as . L
Viep = 2 s1nL2nf teg! (t)1 7f'fd Control is prov1ded by the scheme ff;ﬁ{ifi_z

-of Flgure 4. T TR

The multiplier yields:
V(t) ‘vr'e;u)"“:'"'n(e)c'c;'sc'a‘-.}f‘e-(p('t")i*a’si'ntan'f‘ fé.é"(t)j o

as)

R(t)sxn[e(t)-¢ (t)] +_terms of frequencf’°



i'The terms of frequency 2f, are to be filtered out,b»and will ]fttfﬂfu&uuf}
be neglected here and in the .following. : oL

Let us again assume that the control has a certain accuracy, so_frk
that sinle(t)=¢'(t)]  can be replaced by  [e(t)-@'(t)] -
The control 31gnal 1nput to the "voltage-controlled osc1llator" ‘
x(t), 1is then ‘

x(t) = R(E)To(t)=p' (] = R(£)F(t) ey

"Equation (16) applies at first without the sparing of a narrow.‘  b
_frequency region around zero frequency, which we have mentioned'f“az"“:”
(and which is necessary for signal indication). Let the voltage—_
controlled osclllator have the resting frequency fo, and let
1t react to an 1nput control: voltage with the phase change-'

iéﬁé%£l  =k x(t)' ' :. - 7).

. Then from (15), . (16) and (17), we obtaln the dlfferentlal equatlon 1;¥3Z

aF(t) , aols) 9( £)
.-_‘.i-t—— = ‘a‘%‘[(P(t)-(? (t)] (t) = . k R(t)F(t) (18)

Tat

or

F(t) + k R(£)F(t) ='§§%ﬁl

To solve this differential equation, we assume that the control h
‘error F(0) = 0 at time t = 0. Furthermore, let the control‘
have a time constant small enough that R(t) and dc(t)/dt may

be considered constant. (The s1gnal phase changes with a time ,Lf~:ﬂ L
constant 1/B, because the signal must pass the amplifier with .. .~ *

the bandwidth B. The signal phase thus follows the reference _if?ﬁ SRR
phase determined with the time constant 1/B, accordlng
Qto the principle of the modlfled synchronous‘ampllfler )

f——— N« SO U S

"_Under these condltlons, “the solutlon of (18) is

F(t) = [¢<t>-¢ (t)] - —§i§%§§t 1 -'e“kﬂft)?n}"



After a certain time the exponential term becomes zero. ‘Then

the control error can be set as

dm(t)/dt

F(t) = Lo(t)-o ()1 RELE ey > (20)

"As expected, it becomes'smaller,the greater the control cbnstantfﬁf  'M :
k is. Besides this, we note that on the average R(t) is -"fﬂ[fo@jf
- proportional to:\Eg . The correletion~time is given by 1/B, i i
'so that ap(t)/dt " may well be ptoportional to B. With k

fixed, the control error given by (20) would be proportional - T
" to ‘VEA, but k can be assigned so that it can be canceled out. . o

_ Now we assume that the frequency reglon to be reserved near _ :

zero frequency for the signal indication, which has already been,ff;f'”“'
mentioned, is set aside. This means that all theleWQE;ErequenC1estffle
‘are missing for the control signal  x(t) in (16). Then, instead - ¢ b
~of x(t) we have: | ' RO

x.(8) = x(t ) -y - RORIOERORN. D

in which y(t) represents a function of time which changes slowly, =
not only in eomparison to the control time constant, but also ini'fgifﬁ*f3
cemparison to 1/B. It changes so elowly that we can consider'auAfe
- it as a constant on insertion into the differential equationj':'"””
Instead of (18), then,- we obtain: ‘ | .

e = W (t) IO k [R(DECH) - Y(t)]

dt dt

, . ( . IR (22)
F(t) + k R(t )r(t) “-—-— + Y(t) R
with the solution
o U Tae(0)/ae] 4 e(8) o SkR(H). TR
F(t) = =<2 §" R(t; L [1 7me | Yl (23)vjw"*

The lag error, which appears after a certain time in thlS case,
" after the exponentlal term- has become zero, then becomes '



F(e) = Lo)-e (1)) Sldt L (p(eye m )
' o ' o ,(24)

From Equation (24) we learn that the additional control error

v(t)/2(t) which appears because of the elimination of a narrow. | R
frequency range near zero frequency can be made small by approprlate-'}“"“
1y large bandwidth, and correspondlngly large R(t). A large band_-.p‘f
~width, to be sure, causes a large d@(t)/gt , but thls can .

'; be compensated by a large control_constent k.

Figure 5 shows a block diagram in which the process of modified
synchronous amplification is used as an example with an 1nfrared
radiometer. It can be described as follows: The infrared rad- AR
iation, which is assumed to be of constant intensity, falls on\55:¥ﬁ*

~ the optical modulator, which modulates the radiation with the

frequency fO and the phase ¢'(t) . The modulated radiatiop :

.arrives at the detector, in which the signal voltage is R
produced. . A supplementary diaphragm allows the incident radlatlon ffﬁﬁfw*
to be restricted as desired. The amplified 31gnal voltage was ...
designated in the text as ¢ sinl2nf t-¢ (t)]

It is accompanied by a noise voltage ‘K ) = R(t) cos[?r+~ t- (t)] ,;;‘fﬁ&x"

" The total voltage V' (t) = V(t) + ¢ 51nE2n? oE=o, ()T at the

amplifier output is multlplled in a multlpller with the reference l;ﬂf”ilu,
voltage V. o(t) =2 sinl2nf t-¢ (t)] . The phase of this referegoef}l”“'l
voltage is so controlled from a low-frequency filter through a @' = -~
control coupling that the low-frequency components at the |
multiplier output vanish, and so that the reference voltage -

(t) and the noise voltage V(t) are displaced by 90° in phase.i;fIT,wﬁ

: ref

- A phase coupling ensures that' the reference voltage V. f(t) and o ‘
the signal voltage , c851n£2ufcu~m (t)] always have the same j.jvff: S

~phase [ (¢ (t) s e (t)M' accordlng to Equatlon (7)] -

12



4. Concluding Remarks

The principle sketched here for a modification of the

synchronous amplifier should not be considered a finished concept.ff;{ffﬁf

Many parts of the problem, such as the phase distortion of the

'signal in the amplifier and the technical realization of the con-

trol loop, as well as the attainable control'accuracy,' have noti‘
yet been considered. Furthermore, bandwidth estimates and '
deliberations on the modulation frequency range are lacking.

The only intent here was to pose for discussion an idea which -~ S
. in certain cases — perhaps - can improve mnoise suppressionj; ,ﬂitﬁ4T '

_ better than the conventional technique. It is clear from the
beginning that a considerable expense would be requlred for
practlcal reallzatlon of: the process. -




" Figure 1. Subdivision of the filter pass band, with width
B = f2 - fl’ into small sub-bands 4f. Each of
these sub- bands contrlbutes to the resultlng n01se

voltage.‘g

DYay T T
b x
i
! b S
o ‘/3 '

Figure 2. Schematic representation of the autocorrelation
' vfunction of the noise vOltage. This is valid not
only for conventional, but also for: modlfled
synchronous ampllflcatlon.
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e Sin(anfotf¢s)v‘ﬂ T l7551n(23£ot—g5)5. s
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" .
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RS - S g
' 5] (9]
8 1\ E:
o2 % 5
& .- . o r'
D= ‘ ' } o v i
vref . . ‘ ‘ L _ ?CL

Figure 3.

Figure 4.

Block~diagramﬁoff"phaseElockedfloop" cohtfoi (7].

Vectorial representation of the voltages. In a)

the reference voltage is orthogonal to the noise
voltage. In b) the reference voltage is orthogonal to
the sum of the n01se and signal Voltages.

v(t)
: Filter

g
ta]

N '
mul e
multiplier x(t) {[or—. x,(t)

A — o , |
i Vaeg(®) L
Do Taa ‘voltage-controlled.
- osc111ator




,7

' - reference
. phase coupling joscillator

v_ (L) . l

B - o mu1t1p11er low frequency
. ..optical

ampllfler AN fllter ';
modulato ! | ! .

- ontrol coup]

< : ~ x | '-—-—l

y A ‘ V+(t) '
= y’:" = = :‘3 i ' A .
——— I = = = l-\ ] . o
‘1nfra§ed radiation— modulated infrared detector £2)51gna1 1n§1ga§9y§*
P ‘ " infrared radiation T T
I : . o . N "

. A |
o S - ._g3am29;aphragm _

'Figure'S. Block diagram of a process for modlfled synchronous
amplification,

explalned using an 1nfrared radlometer
- as an example,’ '
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